I. RELATIONSHIPS BETWEEN CO AND TAR DELIVERIES 


Cigarette brands on the market can be divided into three groups with respect 
to the relationship between CO and tar deliveries, hi all three cases the 
correlation between CO and tar is significant. If such factors as paper 
porosity and amount of filter dilution were also considered the relationship 
between CO and tar would probably be close to exact. 

The three groups of brands and the relationship between CO and tar for each 
are listed below. 


A. Non-Filter Brands (Figure 1) 

In 1975 tar and CO values were available for six brands. As 
Figure 1 shows, the best fitting straight line through the six 
(tar, CO) points passes very nearly through the origin, the six 
points lie reasonably close to the line, and the correlation between 
CO and tar is . 89. For non-filter brands a very good approximation 
for the relationship between CO and tar is CO = .6 tar. Among non¬ 
filter brands a reporting of CO deliveries would provide no information 
in addition to that given by tar deliveries. 


B. Filter Brand s with Dilution (Figure 2) 

Figure 2 shows the 1975 CO and tar data for 120mm brands (all of 
which are diluted), the 1975 data for diluted brands with tar deliveries 
greater than IQmg, and the 1976 data for diluted brands with tar 
deliveries less than IQmg. As for non-filters the best fitting straight 
line through the (tar, CO) points passes very nearly through the origin, 
the points lie close to the line, and the correlation between CO and tar 
is .95. For brands with filter dilution a good approximation for the r 
relationship between CO and tar is CO - .9 tar. Among diluted brands 
a reporting of CO deliveries would provide no information in addition 
to that given by tar deliveries. 


C. Filter Brands without Dilution (Figure 3) 


A best-fitting straight line was found for the points in Figure 3. That 
line projects to a CO delivery of 9.6mg at a tar delivery of O.Q. The 
relationship between CO and tar for filter brands is probably not a 
straight line and it is obvious that as tar delivery approaches zero, 
CO delivery does not have to approach zero. In the range of normal 
tar deliveries for undiluted brands (15 to 20mg) the relationship 
between CO and tar is very similar to that for diluted brands. A 
reporting of CO deliveries for undiluted brands would provide 
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information not given by tar deliveries; undiluted brands with 
low tar deliveries (Vantage, Pall Mall Extra Milds, Lucky 
Filters, Kool Milds, Viceroy Milds, and Raleigh Extra Milds) 
have relatively high CO deliveries. 


In general a ranking of brands on CO delivery or a reporting of CO deliveries 
of all brands will be different from a tar ranking for two categories of brands: 

1. Nonfilter brands will have unusually low CO deliveries compared 
to their tar deliveries. 

2. Low-delivery filter brands without filter dilution will have unusually 
high CO deliveries compared to their tar deliveries. 


H. CO DELIVERIES BY COMPANY 
A. 1972-1975 mg/cigt. 

Extensive and regular measurements of CO deliveries have been 
made at Philip Morris only since 1972. Based on those measure¬ 
ments sales weighted average CO deliveries were calculated for 
each company from 1972 to 1975. The results are shown in Table 1. 
Since CO deliveries were not available for all brands the numbers 
in parentheses in Table 1 show the percent of sales on which each 
sales weighted CO average was based. The missing sales should 
have little effect on the reported CO deliveries. For Brown and 
Williamson most of the missing values were for low-delivery brands. 
However, Brown and Williamson’s low delivery brands do not have 
filter dilution and, as discussed in Section I, their CO deliveries 
should not be unusually low. 

Table 1 shows that there is very little difference between the six 
companies (through 1975) in terms of sales weighted average CO 
deliveries. Since non-filter brands have CO deliveries comparable 
to filter brands, American Brands and the Liggett Group, which 
are high in sales weighted average tar, are not unusually high in 
CO. K. J. Reynolds and the Liggett Group have slightly higher 
sales weighted average CO deliveries because large percentages 
of their sales are in undiluted filter brands wigh high tar deliveries 
(Winston, Salem, L&M, Lark). 
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B. 1975 mg/cigt., Volume %, and ml/cigt. 

During 1975 CO measurements were made for most brands and 
reported in a memo from J. E. Wickham to Dr. R. B. Seligman 
(September 25, 1975). In that memo CO deliveries were reported 
in three ways: milligrams per cigarette, milliliters per cigarette, 
and volume %. Volume % is the volume of CO delivery divided by 
the volume of all of the puffs taken to get that delivery. 

Table 2 shows the sales weighted average delivery for each company 
in terms of each measurement. The numbers in the first and second 
columns of Table 2 are directly proportional to each other and the 
comments in Section HA apply to both of them. 

The sales weighted volume % is nearly identical for all companies . 
except American Brands. Presumably, volume % is less for 
American Brands because their cigarettes give more puffs. Why 
their cigarettes give more puffs without giving higher CO delivery 
is not clear. 

CO values for Philip Morris brands will compare favorably with 
CO values for brands of the other companies if deliveries are 
reported on a per cigarette basis. If deliveries are reported on a 
per puff basis or as volume %, Philip Morris brands will compare 
favorably with other brands except those of American Brands. 


in. CONSEQUENCES OF PUBLICIZING CO NUMBERS 

Although we can only speculate about smokers' reactions to CO numbers, the 
reactions to tar and nicotine numbers on packs, in advertising, and in PTC 
reports should provide a good background for that speculation. 

There are two areas in which smokers’ awareness of CO numbers could 
influence the cigarette market - industry volume and competition, among 
brands. 

A. Effect of CO Numbers on Industry Volume 


For at least 25 year's the growth of industry sales has kept pace 
with the growth of population in spite of increasingly frequent 
exposure of smokers to tar and nicotine numbers. In fact, in 
the period since 1971 when tar and nicotine numbers began to 
appear in all advertising, the growth of industry sales has been 
greatest. The conclusion that exposure of smokers to tar and 
nicotine numbers has depressed industry sales would rest on the 
assumption that industry sales would have experienced unprece¬ 
dented growth in the absence of tar and nicotine information. 
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On the basis of industry experience with tar and nicotine numbers 
there is no reason to assume that exposure of smokers to CO 
numbers would have any effect on industry sales. 


B • Competitive Effects of CO Numbers 

Recent Market Research studies (The Tracking Study, The Roper 
Study) suggest that even after five years of constant exposure 
smokers have very little awareness of actual tar and nicotine 
numbers. Smokers do have a general awareness of which 
cigarettes are low or high in tar and nicotine. However, that 
awareness seems to be based more on brands' images than on 
tar and nicotine numbers or even on advertising. For example, 
one study showed that Lucky Tens was perceived as being high 
in tar and nicotine, presumably because of the name association 
with Lucky Strike. The recent perceptual mapping study showed 
that Vii'ginia Slims, Silva Thins, More, and Saratoga were rated 
much lower in tar and nicotine relative to other brands than they 
actually are. Since neither their advertising claims nor their 
numbers support low delivery, aspects of their images such as 
slimness, femininity, and newness must suggest low delivery. 

There is no reason to believe that smokers will become any more 
aware of CO numbers than they are of tar and nicotine numbers. 
There is reason to believe that CO will simply become another 
synonym for ’’delivery” as tar and nicotine have- While "low 
tar and nicotine” and "high tar and nicotine” are meaningful to 
smokers another recent study has shown that a concept such as 
"low tar and high nicotine" has undesirable connotations. 

As was discussed in Section I, in general, CO numbers will give 
smokers different information from tar and nicotine numbers for 
only two classes of cigarettes - non-filters and undiluted low- 
delivery brands. Non-filters will be comparable to flavor filters, 
in terms of CO numbers but that should not be a big enough point 
to affect the trend away from non-filters. The diluted low-delivery 
brands could obtain some competitive advantage over the undiluted 
low-delivery brands (Vantage and Kool Milds). However, if such 
an advantage became apparent in the market it should be no trouble 
for the undiluted brands to add dilution. 

It seems very doubtful that publication of CO numbers, even in 
advertising, would have any real effect on either industry volume 
or the competitive situation in the industry. However, a brand 
which could show a significant reduction in CO compared to other 
brands with comparable tar and nicotine delivery might enjoy a 
competitive advantage. It would at least have a previously unused 
selling point. 
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PRECISION OF CO MEASUREMENTS 


A. Philip Morris: At Philip Morris CO is currently measured by 
gas chromatography. Ten cigarettes are smoked for each CO 
measurement. The reported values have a relative standard 
deviation at the 2 sigma level of approximately + 10%. For the 
determination of tar and nicotine eighty cigarettes are smoked 
for each tar and nicotine measurement. The reported values 
have a relative standard deviation at the 2 sigma level of 
approximately + 5%. 

If the same number of cigarettes were used for CO determinations 
as for tar and nicotine, the precision of the CO values would be at 
least as good as that of the tar and nicotine values. 

In experiments with non-dispersive infrared analysis the precision 
has been comparable to that in the gas chromatography analysis. 
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B. FTC: The FTC has contracted for the design of a smoking machine 
which will allow the simultaneous determination of tar, nicotine, 
and CO. The CO will be determined by non-dispersive infrared 
analysis. Presumably, since the same number of cigarettes will 
be smoked for all three measurements and since the precision of 
the non-dispersive infrared analysis is comparable to that of the 
gas chromatography analysis, the precision of the FTC CO numbers 
will be romp arable to that of their tar and nicotine numbers. 


SUMMARY OF SECTI ON S I-1V 


Rankings of brands on CO and tar will be different for only the non-filter 
brands and the low-delivery brands without filter dilution. Non-filter brands 
will look better in a CO ranking than in a tar ranking. Low-delivery brands 
without filter dilution will look worse than those with filter dilution. 

If CO is reported on a per puff basis or on a volume % basis the cigarettes 
of American Brands will have lower deliveries than those of the other 
companies. If CO is reported on a per cigarette basis the brands of the 
six major companies will be quite comparable. 

There is no reason to believe that exposure of smokers to CO numbers will 
have any noticeable effect on industry volume or on the industry competitive 
situation as the market is now constituted. A brand with unusually low CO 
compared to tar would have a previously unused selling point. 

The precision of CO values to be reported by the FTC should be comparable 
to the precision of their tar and nicotine values. 
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